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Jiav® hmm sade ia "botli lafesratory. and ooasef^lal pra®^-
tie«* 
l|>pa.»ttis iias hms. t®velop®d ^ioli pcmlts tli« m#© of 
@xtr@a@ly Mgb pr®ssttfe§ In iifij-dgenatloas wltii Tmj llttl© 
toai®f of a<r#id®st.- ''BS.m Mb sm&m possibl® a great rMae-
tloa iE %im sis© of apparatus aai ka® ext«at©d th© use ©f 
liqmii-flias© liyirog^matisa, mwcBm of a ll^nid-pfaas# 
hf^droggfrntion iiaj eoati^oHei nor® easily tiMa tMt of a 
reaetioa ia thm gas«omi ani ea3P#ftal eeatTOl Is a 
T#ry importamt faetor ia asst to-ftrogemtioas# Seleetive 
catalysts have 'been 4efeiope€ Alali pemit clm^ esatrol 
mmT til© oamrs© of a reaetioa.. At first tbis mmrns at fari-
eaee witii tJie mmt fundaaental priBaipl# Qf aataljsis, wJiieli 
states that a eataljst ean. serve onlj ac©el©rst© tli© 
rat© at wiaioii a reaetioa mmma to ©qmilibri'am aad oaniiot 
alter tlie poiat of ©t^llibrlua, wiiea several rese-
tloas &TQ possible, a eataljat my hm s«leot#d ^ieh aoeel-* 
€:mtes only «m® ©f tkese r#a©tio»s« By tlils setbot a clioiee 
of oatalyst will deteiiaiiie wliiob Qt seteral possibl® pro-
-imota will be obtalaei. Ho better ®mapl.® Gf tliis earn be 
e-liosem tMaa tli© eatalytie lifditigenatioa of mrhon Bwaaxlda 
C18HS9). Ia thm p»s®iie© ©f a zia© osid©*0hroaim oxid® 
eatalj^-st earboa mx3m.&xi,&m «ait#s ?iitli kydrogea to fom aetlijl 
alo0liol* Tka iis« of an iroa «xii.e~al^ali eatalyst at 350-
4§0®0» traas-forss tlie sam© reaotants iate a complex 
iiiiitis'# of liiglier aleoliols, ©stersj, alieStjieg, &m& l:©toii©s» 
file mse ©f a aatalyst scaif-osed #.f oxides of iTOa aai ©ofealt 
at ISO® ami. 200%» ^©siilts ia tli© foiiift1;i©ii of a aixtiir© of 
iiyiTQearMas. fiiii r#a$tlQii Is %M basis of %h@ 
WlBGhm»Tmfs-&h. syatMais &t gagolia© froa 
aiid hjd.msm* teatly-, tl®' us# of a eatalyst 
©arboa »a©xii© aat IiyirogsB^ to hm mmmTtMi. iato iii#tliaii# 
ami wat©^« Set all »ao-tio.ii» piirsti© smh mTtmA ©©wses, 
%h%Tm are ooiafsratlfsXy few fcyirog-eiiatio-aa w^ish mmi&t 
tee gffeatet bj a sfeasge la eatalyst* 
»iiy 0'm^efiil iawsti^tiose hmwe hmm. earri^i ©ut ia 
aa att«pt to S^temiae aeoliaaism ©f eatalysif aM pro-* 
a&te^ action* Oertala fmiameatal faets lia¥© ti©#ii ©gtab-
lisiet, but ttm. i>r-obl« m® a mhQlw TmmluB iia^sol^ed,- By far 
%h& greater pai't ©f thm iavestlgatloa® in this field tow 
oarri«€ ©tit ob aa QSpirioial test a, aai a gr^eat m&ms 
0f keterogeasons data Ms l>#0a-piled up ia %hm soleatlfio 
lit eya tare* A great ambsr of pa teats hmm appear#4, and a 
oc^lete review 0t tills mterial represents a task of great 
iiagnit«4@» 
'Siis stuifiy was d©T€»t«d to tlie A@TOlopi@iit of new a-ata«^ 
lysts for %hm liy^rogeaation of fwfmral ani was a eoatiaua-
tion of previous studies earried out in tills laboratory. 
?iirfu2*al was orlginallj eliosea as a basis for stuaj for sev-
ei'al »asoiis.. furftiral is a sulistaiiae wMieh aay be pro€u#-@d 
ir* enormrnxB at low sost from agfiGmltursl waste 
iia.t®rialSj, and its aTailateility as a raw mterial aakes ita 
traiis.f@r®st£«ii Imto sew photos a mt%@T ©f rml iater^edt# 
AS a s^eosi #emsMe»tim, tier© a3?e .§#T®®al reaetioas 
f©g.glfele to til© ©f fiirfmmit m ttet a. s©l«s-
ostalfst mf hm t# ietamlB® thB mm-m ef 
% Mmml |iS| tef® stows great @oti¥lfe|r f^if^tli© iiyt3?©ges®»<* 
ties -®f furfiii'iil aa4 ©tfeey al€«liytesp tet tjs#y laeliet -gta-
Mlity aa4 w@TO femd te fee msttitalle fm th#-kjii^geaatiQa 
k«tQ»©s» ms te¥®%e4 t© am attmft t© 
fi»a s«l,te1:»X© pK»pt03PS wliio^ wmX^ tiie ©rigliial 
nataijsts aiiA «xt.#ai tli«iy 
•» 8 
MSfOSICAt 
a# iiytr©geiiati« &f ©ygaaie was 
f©TOd#4 OS tlie elassie iBV®stigati«ias mMtl&T aM 
Sfiiidereas |S5|<M||S§)» giM© ssatterei imstaae#g <&t mM^ 
lytic &yarog«»ati.os vme kmmtk ^mflQUs tbis tin©, bat 
til® ©xt.«at aai sjstemtie aatiire of Safeatier*®- stmdl©© set 
tli«m apart,, Satoatler*© l»vestigatioas ©iitlinst the ms® of 
tmth notol# aad base i^tals as catalysts f^r liydr^ogeaation 
and all© s#v©r©ft tlis m® of a@talli© ©sides as liydrogeiia-
tioa aad teliftrati^a mtalyBtB* CggH23j pio-
aeerei la of p»ssw© liyir©g©aatloa, 
wUiQh m&m pstssibl© «sf i-taetioas ^leli ©#uld mt be car­
ried m% at ©r4i»a:r:f p«f-ssiir#s» 
4 aeQ#«t of tkm Amelepmrnkt #f eatialjtie 
^F43P#g@aatl©a ^^anaot- be gi¥©a hm-e hm@,um 9f t^e ©aomotis 
©f iKsyk *M©li l»s hmn reported is tMs field, A r©-
¥isw of tto.e w&rt: tone && thm aatalyt.!© iiyiregeEatioa of fur-
-fmral has b®«a. *4© |E8) t m ttiat ©alj a-mali ot tliase stMlss 
a.s lia-re a tir©«t bearliig m th^ pre,seat *©,rk M.11 be .r©-
fiewel* fbis stn% was ©©aeemti wltli %hm- of ¥ari©aB 
pTmmt'&TS oa 0Off©r eEtalyats, s© this historieal review will 
be witfe mtlmi* 
The m&ttml mBebmsdsm ©f ^atalytift aatioa Is still very 
Qbm0ixr&.f and ©Ten le-ss Is md#?stood &t tli© fiaiatioa ot pro-
«ar ^ m-
sfflieatlftsis' smtalyats w»re 
vtsmi. la #a»s toy mtsMmt ia. tli# t&m #f l^m*-
-''itl#B *M«ii vmm- w^^mt -ln tlia aate^ials iisM la tk® 
farstisa #f fUe eatalf^ts, fli« «xtstm©© #f agg&tiv© ^ro-' 
»t©f# ©r f@l8©BS' w&s r©««^i2«4 at aa «rlf bat tb# 
fayt playefi toy pesitif© p2^o»ters, or was- m% 
%mtS.X lat®r« fii®' fi©*@l©pa®»t of tke Q©sta^^t 
proeess tm tii® mnufeetyr© of sulfiirl© aeM ws €©Mye€ 
tm mMf y«aru bec«as# uf %hm mftmrnt, of lapnrltl©s in, the 
smlfm Qn tlit flatiEim ©atalyst,, aM tills pToeess r#solie€ 
til© OGi»«r©lal stag© oaly «fter a »ass «s fomd f®r m-
aofisg tto© poiseas fjOTi tk© system hmt&@ tli«j TOa.«ii#d tli# 
tataXyst# fti® w^lsbaeli laatle for gas ienfs represented &nm 
&t tl© ifesff ©asllest samples ©f kmwx ^r<m&%mT eetl^a. Au& 
•?#a Welsbaeh f&mi. teat tk© s4€iti©» #f e eseil aa^tiat of 
mrivm 0Jli# gr@atlj iEe.ress®fi, tli® liglit by a mBtl# 
&t %h&Ttxm ffels *§ 4#flaitely r@eogaiz®A 
as Tseisg a©ti0s» la liyaregsmtioB, a-atalyits the 
first sxQMpl© ©f prooeter aetiea was reperted bj Ipatieff 
I SB I* B@- €sa:p?l©t «t tikm lii-darogeaatMa cjf a^lsn© a 
CQpper ©stalyst.is a ii«fp«r tub® sat .sttbssqueatly ©arrlefi 
#iit tbe samt i?©aoti©-a with tk© sas# ©atalyst la as iron %uh@* 
H© f^md tliat til# seeoad i-eae-tios ms @©apl@'t#d la less tfcan 
Mlf tfe@ tiffi® rsttti»d tm Mis first reaetios, aat thin in-
er«ase ia rat© of reaetiea «g aserlbe^ to %hm ©ffest of tlie 
Imm trmm tlie tab-e ©a tli© #0pp©j' eatalj^st. 
IQ --
"Si# first gyst-wimtle tiB¥estlg«tiOB ©f py«i&ter's aM 
tlieir fssetioB «a.g 0mrri©i mt at tim plant #f tii# ^iiso-M« 
s#ia fateik % a gr-emp i3sd« tii© iiFeetion of 
A# ait-tesefe* Ite® first stMlo-s wem «4s «ltii #at&lfsts 
ms©4 im tlie s,|ittliesis& of awaaia, &m& later ©xteasiv# pa-beat 
0laias^ |8| w#re »t.@ ©a ©atalysts fm- iif4r®s«aatiOB ©f 
e«.p#iiata.» aatia-© of tJaes-e slaijaa my l)#st fe# 
mAersteod by ©xaaiiiiBg tli€.i3? statei^mts ia detail., to© ©f 
ela,iMS Bt&tms tliat f©i? genial tof^ir^geaatjea as tUm 
li|"ir#g®Batioa of fats, ©f plieaol to altr©-
feenzea® t# amllia©,. aEi. the «i:M©s #f sarb©!! liydros^arboas.,' 
F®, Mlf 00, ©i* Gn aaf be used as eatalys-ts sat im^ be ia-
fyov®4 &j %hs a-iiitioa of ©ae- &w asre of tk© t&Xl^lngt 
»xifi©s or o^xygea-dontalaimg salts &t ttm aifella^ ea^tli <» 
eartii a©tals, m Be,. Wm.^ tr» f, S^i, GT:j fl ©r B or 
tiffi-cmity ®0ly,l3l© tuagstat^s, .or s#l,@i»tes off, 
tfc® alialiiae eartiis or Li, m s«poiia4s ©f F, T# aii4 Sfe, as 
rnXm^mMrf fe Sb.- .Saeli a elais as tliis is elaifaete^i^ti© 
#f • ®aay stateMats ©Baoimiefet ia pa teat literati^©# It 
lias Bsem# esssoa pmmtlm- to to mmt all f&ssibill-
ties -^eii *,Mag appliaatioa for a patent on safcalysts .©r 
pyoaaters^^ asd ia may sasas It is iayossible to 4et@talaif 
oiaMs as*© basM ©a asttal iata m on 
assifflptieai »-i# fey tfe© affiieaat-* as a resmlt, it is oft©a 
iiffiemlt t<s Ola tain &mwe&tm ©m t^« fmne-
ti-#ii», m prefarat-ian of a emtalyst from tim pat-eat lit©ratiir©# 
11. • 
first ia tlie a^liih tmnm* 
Imttm mt tl» pat^at Qlmim «f tb® latissifct Aallim aai mM 
Iab3?ik. Cf) OS ftatalfsts %M synthesis ef aamoata. It 
ws a®#i t© trassiate tb® Q«i*a tmm mt&m 
golag it womlfi M mmXl t« 4©fiM# m® t#m 
aa4 W ©larlff tkm mm df s«iftaiii sttos" tessg* J. p«mot©y 
is a »t«iri-a,l, wMcli, Miil© aot a mMlymt m&m tM 
mmpMjmif mj 1}« aM©t t© a ©atalyBfe to ©afeaiiQe. it® aetifity. 
fto# tmim ee%imt©3e is ia e<»a@-^iat ga* sease tet is 
a l0©B€r 0€»*a©tiv«t©s' is a used in m&mn in 
wbitM mm mMXfBt is aMM t© aa#tl»r td a^Mew as aeti^ity 
gm&tm tkm tMs adi#t ©ff^et of the g@faral»« ©atiilfsts* 
Fi^ewttw mm m% %© l>« esafus-ii witk ia@rt ttippert mteri-
als.j wliie:M Mfe m mttm% #tliey tMs %Q exteat tli© s«rfas© ©f 
a catalyst sat ime»as© t-M tas# of am€ 
Immstigatioas of tli@ ne-obaaiai ef pr«0t®r a-etioa Mt® 
yiel4«t siw. faets.» bttt mnj esplam-
ti«a 0f prmmims e©tioa ia gea«ral Ms »©t tosea pat forward 
sweai-theories te*® hmm. aataas@j|., tii» first of 
^iafe i® tfe« .®trtt0twai tk#«y of aetioa* »st eata-
lyti# mmtmrn ismwm t« be t®I'j ami m#¥©ja ia 
aatwe# tMf are soa^^stA @f mss«s of fin® eyystaijs 
asmagtd i» a i»2'#giiia? faaiii©a« *&&« sturfeees sto 
emataatiy trntlag t# s»©t& aM- reg-Mlsr,- siiioe 
sm#^ a eaas@« is always a«#«apaai@t by a t©eri©as@ ia fr®# 
mm^rn. 
"Bimm Qimms&s -fcak© plao© rapidly at liigfa 
whmwm 'thm vlteatloas wltMa tlie •orfstelline 
gr«B',ter ia fMe attitiea of i®mll ai^usts 
of mtertsX s#©2is %& s-epara'fc© 'blie mail trystals in 
smrfas® aad t-^ prewat tlie f®rMti©a of larger -e^ystsls 
C6|» X»raf aM ele-etrea Aiffraetie® asasm^eaeats |1?|{43.J 
h&te shom& ^at tit# te^erattu*©. at ifkisfc stBte-ring •mm 
mttoli M.^©r la a eataljst t© wliiQ'h a promjter lias- hm-a. aSSet 
tiKis la tfa# oa1»lyst* siateriag to-^ol-res M» 
il»gpp©araBS@ of tJi« slsttts; iryegiilaritigs la a s-tirfa©e 
pr«e©€©s ast»«al fttsioa,. aat ala&st iBi-aytasIy iest^ya 
©ata-iyti© aetlfity» fli# st»-#tii:ral tlie©-rf ©f pj^eedte-r ^ 
m&tian is well iastasees,- buli- It toes 
not -©a^laia m.^' plias@® 0f tli#,..probl#a» It slaply aas-«fts 
%h&% my aetive suxfaee pre#eat la tiie orfgiaal ©atalygt 
will not -Ue pesailstea to less aotiTltfy wJiil# tlie tmmt±Qikm 
of proaoters mya to«a %&, ©i;t.«M far lj-©joad ttiis-* 
laotti® wMek tes feeea aifaaeefi fj'om time to 
tias %B kmmxi as tte tUe&Tf &t sel«etiv# Ms^rptioa |30|» 
Aao«s^4i»g to tte geaeral 0#a0«ptioa a ©ataljst adsorl>a aoi®« 
#€fabld of r^astijigjj faeilitates tiieir reaetioa-js aia-i. 
flBelll" r«:le&s#s- ©r &»mThs t-^e pro4«ts» A -siapl® -eatalyst,, 
@:©mp0&M of a singl.® eiea«it qt -ats^rtg raastiag 
STabstaaseS|j -bat smell aisofptlm 1# iismally .litgtily prefsr-
satialj a© tliat m^st &f %hm -m tfe© smtf&m 0f tti© 
eatalygt ar« df one Moo^diai to tii« tli©ei^j ef sel##-
t£ye fnastiom ©f a promoter- iis to adsiar^l* 
%hm otlis^ type ©f a©l©«iile asfi %& mstem- a fav^rabl© 
MlaBe« bdtwem tli® ireaotiag- smbstaaees* Pafceats te^fe hmm 
isamefi ©a s ©f mt&lfBts feasei oa tills priasifle# 
fli© la4t®eli'e Aaiila aat S@fia fatefllc |fj firof«sed ^lie use of 
a fsatalyst Q«af©s6t Fi aa& Ss sjam.esis of ar«K 
Ma* M adserfes :tyftp©ges st3-«^ly wliile M© aAsorM nltrog#a> 
and so it ms tboaglit tMt M m& IB mtsX^ he raised In pr©» 
portioBS vhl^h. wsjuifi aftsorb- tieB.e r«&«taEt» la tM optiam 
^atio« A •satalys% ©f f® aafi M© iras fropttsefi tm tli.© ssm®. 
reaotiOB* fii« W.mrf s#«i#€ sli^le aad 1-ogleal, but 
«iif©;rtwiatslj, til© astifltj ©f tbis tffd #f eatslyst rarely 
met #3:.pestetlott#, Wmmmm sfpj.l0ati€^as ©f t&is smoept Mve 
set with imtlffeTOst aai mai' %rials Mt® 
sto«m tliiEt seseestmtioas. #f pf^aoters usually 
li© hBtwimn 0S@. aai fl¥© pm mrntm- • f&is woiiM smni IMi-
eate tliat tlie df' a «all aaoiaat «f a pr«»t«r 
aet graatij alter tfee a#s#r:^tt¥e eapeoltj of a satelyst,. at 
least Bot ia tfce iir©'0t laa-aner ©utllasi. hf tli© theery of 
•s«leott¥e ais®^tloa« • l2®«i',iaiea'%ai •ta.ta a«ea %q laoies'te 
tbat tm ttie rates «f adserftios aafi ^esai'p'-
tim mmh w&T^ titan tli.« t®tal aSsei^tife sapaeity ot tli«: 
oataljst* I. B* faylw ast A* T* Ifillisssoa C^l fOBafi that 
tbm a4filt4#a @f elirsslma -oslts^ %&• a Miagaso-mfi -oxiie eatalyst 
r«T@alei several strlMag effects. f&-e gpeeifl« atsorftlT^ 
power- of tlie ».iigaiicos %m.s iM&Tmm&i-p tamp&ratmr® 
14 
at wliieii ads-orptioa tegaa ws retestd about S00%», 
a»fi tJie -rel^iUy a#tifat@d ats-arpliioa was tmmmse& ?S0 
f03.4* last #f,f#str G$§mm t© b© wmry sigalfismat in 
©©ti#a» 
fit® -©f «atallest aad af# mM 
«T«n lia *11® s4afl#»t #.ag#e, aM wkm TBmtlmM. me «#ssi4s»t 
my tak# flae© ia mm^ml «t©pS|,. .g.iMaltas«0ija 
m it b#®#»s vmj aiffiomlt to d@t#EiJLn« %hm 
0t£m% &t msy &m ©f %h& ^atelyti© mgmt* Qm» 
ligliti Mm tli»iTO oa, tie TOriati&iis in activity #f a 
©atalyst by stiiaiea ea tb« pwQ^mslve- mttm&t ©f aegatlT© 
©r pols#a#« ifj.llstltt«r aa€ Satt |43|.^ f^il® 
Btaa^.ag fcba b:^€r@geiiati©a #.f msatwatet feydroea^lsms GT©^ 
Pt.j, f^»si4 tlMt ®€€itieii &t a awll ai»tiBt of tMo^lieB© 
fols©ii©,d tfeB eatalyst #«. timt tke iyi»s#Ha%l»n of b-emzene 
\ms st^pfsd 8ii-bir©l|",|, ^ut. dlt met affect tli# liyii'«;g®aatlQa 
of 3%b^lmm*. ftts s««a@i te liMf-e lit tit tettbt tliat a smll 
aMitsttt 0f a »«gati"re p^isea sas at on©# fiad its 
my t# tiie immt mti'VQ #f a ©.analyst sM a» 
iimstlst® sffeet*. tils view lib wonia g@ss Isgieal t& 
&smm» tMt a -snail amemt of p3?W3ter -eottM seat-®!* its 
mt$m% o.mm& ttm prists of a catalyst#. fMs assmp-* 
tioa m>mii offer a» ef tb© wll e#tabilsto@4 fa.et 
t&st Mi# o|ft,la«s mmmutmti.m, % p;r«0ter is n^imlly-
X&wm Oao# #f a eo» lata 
play arcJBM active -eeaters is the »ost fa-TOsable 
m 
attitios of %hm la &t m- mla® ami aay 
aet*»3J,F fee mm&mimhXmrn - ISieif# is a @p«t 4#al of ©xp«yl« 
»®m'fcai -data ,gt^f©rfc tMs "ri«w {g6|.Cgf|t31ltS2|» fMs ' 
e©»0«tt l.©aS@ smpf©r6 t© tlit tA-torr 6ass^t.4@Ji., 
9iMm it t@ais to- ©liMsats apptjpeat bat»s«a 
thm mmm&B of aat Ummwr^^ %M 
st^mrptlm mmm %q b# t® ©j^laia 
tlie may eaiplssltles of aetiaa {MU- 4 m0X« gsjo^ 
*i«w #f lib# -smbleet is tekaa %j mst imvestigators, 
Amm^lmg Ss-Mr CJ.9I tiie fl#lig- of f©»-# wfeieli mrls® at 
llg0#s e#iita-©t »f substan#-#© iadae# a©w %fpea 
•Of mmmits i» tt© aasQrbat «4 tills afreet is ]r©« 
0Ogsis®4 as aetloB» ,|4g| li«s s-teUsA 
that MsliaBieal mlxtmrns my tefe tl#, ps^ertifis of aew «b«-
is-al ©©mp^aai® Im ttet fl-elia mmwMp aM alter 
€sa#& ^Is pTm%m of sp«©if'i# stit-»l m%i,m. h® has 
symergj* fari«*s |SS|{SiJ t.ii#o-i'-y -of a-atlon mnt^m 
.to ©atalysts faai *4# posslb-l# rn^t^smtlmiB. Qt s®i o-f tli® 
'M&m fmtB of asti.oa# ifittig |EJl| has 
tmth a anfel i» r^latloa t© eatalfti© a.otlea» 
He has p»sem,%#d -teta wMisli t#at tQ 'tMt a catalyst is 
©ap«elally tomri. a siifestrat® wfaiel ws p^^seat diiriss 
tte f-omatlon of Sids pb«moa©s©ii 
Hit tig Ms #all©€-tli.e p®wr of 13i@s© ©-ffeeta 
ar€ feaiws: •%©- h& sldglit,, feat tii-ty are. sigaiflsaat in tlat thmf 
SMitmte ^h0 tm&tim ot 0fi®at-®S, adso-ypttea la eataljtle 
aetioa# 
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«as an astim h.jrtnsgeaa'fciQn '©atalyst asfi that t!i® allalia® 
#a3flili ©xl^es w«r# also fr©»te.ys tm mppsr* lietel ami 
usli-fs h&-wm sl2©t ta mh^%&in ee-a@ti.*t«tl©-a* iMuj 
BUhst&mmm te¥# to@@a f:r#p#s»i ms p3r<i»ti«^s fttr mp-p^T eg1»aly#ts« 
Gf tbfis® euhst@,mm ^ib-wsAm^ «s aysst 
-|i| f»par#4 a #atalyst» wMeli mB ealled 
« by t^itlsg asa©al« elir©i»%#» 
M.S mtaXfnt m^m t© lie eo3^as@t ^ aia^y«ii» ©^i# 
p3roa»teft bj' liiit tMs fa«t tMt tbis eata-lygt 
was a$tife ©sly at of qw. h&ttmT iaileated 
til® e©fi>« my "bs r©teg-#t to *fc&© mstailis state* Aiklas 
CSH-2>'I ast Ms sss0^.iates tef«iof©a %im- *@11 'kmm. e^p#r 
s^liF^.'fce ami geftral 'soiifisatleBs Mm fe#®a 
pa^r«t by tiB|*- ®i8 0ata«» 
Ijst mj b® pr®far#€ hy mwrns.! »41fl©d jw-fclots,!. feut Wm 
©ssealilal p@£at "aes® pr©©#diir©s iaTOl¥e€ thm ©o-preeipi* 
tattoa #f 0©t|i@s' aa4 smlts- by sssemim' iijtroxiie oy 
s«#iiiiai ©arieiiat® mm& tit# aetl^atisa of t3i® 
Sfy®«tpltg-fc©4 .aass tej tli© afplisatiea irf' li#6t 
,E^50%».^|», #f tli@ m^m astlT® fi5| Mvm 
"bsrium &t salts witk tli® e^pfei' sat 
0liy«ioa salts.. *#» iis#A ia sc«® ppefaratisas 
flsl triTalsat s-topsttlm salts mmm m^&mlf asM«-
®3.© fiml M mlX»& mppmr tettt- tl.© fexm-
ti»» &f any 4#flslt®-©oa#<«attA smh ms is rsti;«r 
e»atiMtiscm of a tjpiml »tlio€ ©f 
18 •• 
stow tMs el.ear3^y*^ lli#s ammmims, hj&r-ml.Qm 
ms t©' a eeiatlos ©©stalaiag a-^ppea? altyat#.,. eliro^ia 
aai Mrim eepper byiroxld©, ©ia?«l:m 
Ii:fi^xl4e, m& bariuR Ijjtroxit# wmm pre«ipitatM*. 
to 2iO%.» ifegaltM la tlie f#r«tloa &t mpr%  ^ oxii® &©m tl» 
liyi.j'OxM© mwa, mum€ tli# ps-i-tial iieilijsfcatiQii of tfc# 
tet tk© feas-li® hjfiroxito m.@ m% -sMag«4 at ti.is 
It amoatiM w®m substitute tm 
8«#al» Jiy4i?o.xi& , &'m|>rl<i oxiie aat exlde to® 
©btalaist m b«for#» hut tb@ barim preheat wmlS b@ in thm 
torn, of a ©arbeiKt#*- ftea tie- e»fp#i*' 8.lir«lt© mt&lfst Ig 
'ffm'Mhlf e®ip#seft ©f ©xi4#, sfe3r©ai» ami 'aitlie:? 
Mflw feftrssits m mieh&wmt&rn S#?eral iatwestlag t«^#stl©as 
imwm raised al>©-iit %h^ safelyst, BeyoM mmh ^ti#|{tii©a 
tto# ei0Rp.«r ©sit# mM the- «M 
©xid® aaS tte borim ©mpemis a® pie©-
1&# faftlallj .eh:i?«ttM ©xii# frefa»i ±B 
t&is .fasliS..©® ws perft-os ia n&tm^ ami aeti-
aliaisa ia 1Si@ -#»p©siti©a ©f tli® «siir©Bltm 
mxMm mm argimemt apLiast thm ©xiateae# ©f a d#fiait# 
0esp#mfi B^Mh m am|§2^g|gt sine# ttoo rei»ml. of 
til© kjixatieii 1» a#^l©t« issstivaticta &f 
til© «xl4# m a piros©t©r* l»®tlie.r point la eapp©rt 
©f tM.® aygw®at wmm %hm fast tlM% tlie aetiw prepir®* 
tioa« faaiF® m^T® tlias twl-s® as atjsli as is 
mrnmmmf to f«m tlia ompoimt ^mprie ete<Mite* i^e •alen©® 
ia has als^ b@@a a s&mam &f 
s®»® mnttmmsf Aifeias- |i3| stat#4. ttoat eoppei' preseat 
miMt resaia ia tli# smpris- atate tern %h& mtmlfst to retain 
its aotl-ffitj# Ijut Vmml^B {ZQ}. wm'k Ms iadlemtst %h&% 
eap»iis 0xlt® was %k& asti.w frfssifl## %mB littl#-
r#a-s#B t© leliws ttot e©ttid te© f»s«rT©li. SB4#:P 
til© strong fedmeiag asi tmmpewmtmm iM#t im 
ffe# ©as# witli lAleb ¥©f^ fii^-Xy tivi4«d 
©afroitg oxMe «ag twaiisfoi^-t isto ©:xii.s probaMf 
t&f tfee falXar# d#t®0t smfrems ##pp@r la a 
,saafl«* However,. :r©fsMl#SB of its emet 
natii^, it is mm, ©x©@Il®Bt &fflirog«Batioa 4at»lystj> %uit# 
stall# mS®^' ^riiaai^ eoatililoas,. amfi a#t a^iaseepti-
'ol© t® may fsisoas* 4i^BS {li||iS| feimi tMt It saj fee 
Ms#d as a &yir<igm<^lysl0^ eatalfst^ iiy4reg©a©lrsls beiag 
tefiii©4 as a ymptaa*© &f a » # • 0 - S -• feftat fallow©# 
sMiti-ea of hf#»g«m» S# ©©^ptr ostaXjs'& saturates 
etMyi®ai# r©a€llj fent attacks ar^«t4e si^lti oaly 
wry g-l&wiy, Miag far tsf®3P:i» t© Si ©analysts la tliis 
-^tooaite ^talystn ar© Iscim to b@ m&u% 
©ffeetlte ia. lafAmgeaatiiie ©XFgj»aat#i asd its utility 
i# »ell ©stafelislM ia tfee ©f esteirs.^ asifits, 
€M#liyi«s, aaft ket©»es» 
4ifelas |Si asS Ms associates femt tljat fttrfiafsl eoulS 
lb© r«4ilj fcyi».geast«4 %& t&am £wtfux^l rnXmhrnX %fith tls@ 
miMMXtdmQm mt .s«il a^saats ef sflmn* Prol^agmfi 
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#Q«4ltl0ms tit©- m^Tm& ©add# mat 
-#a»i»4 aa Istestlgatiaa mm. %km af Tari-otts -exli©© 
aM lifArexli«s ©f tfe« altells# s-aj-tk a® tmT 
o-api^otis 'Oxli©* fi® JPemd %Mt mMiwA oxid® waa 
pmmtm a»ag th# a«poua4s |amstlgat#4* fafteiis at-t«^ts 
%f»re Bst# to frepay# a -mere setif© ©ataljat %y s€i»:fr@eipitat* 
iiig JkrfiTOxite -idtH smfro«s Iwt t&«s© igatelysts 
alt aut apff^asli aativlty of t3i@ sombim-fcisa ^ 
©^-i# aBt @sM®« ft.® -of f»pasf-iEig a eo* 
catalyst eapjrom# oxl<fte in m aetif© 
fom aaj b« best hj ©atiiaiag t&« ©fttom eoatitloas 
fo2f pj?«farliig til© ©atslyst as laid -i©*a bj Ummzml^ A s«lmtioa 
of ®©s0ents'st#4 s^iiiaa hf4»2l-i.© wm aMe# & salmtim 
e#Btalniiig amonats ®f eupriii aitfate aat ,gl.u0©#e» 
jp©a©tida wM-sl. pla@« raiae€ tii® t«ttrs tiir© ©f "tt® 
alxttir® t® f§-8§%» ®s» reaetloB wmsml was. t^em plQ.m& is 
a wate2» Mtti aiii Ij«M -at 8§^-»- tm 4S stattt«s,j tfa@ aixfetaw^ 
•mm tb« wi.^ mmtMrn sad i®sli©t carefully amd tli» 
ifitd at fie« ig 
B% M«es» la^ii^S s'^  ©lemte-i tempemtM^es ws to 
iSstiiisli tlie- a-©t£tity ©f tM eatalys-t* 
of %h@ ©ufrens #xid®-
•e^l#iw ©xid# ©atalFSt ia t&® lififi&g^oatidn «f futrfaxal, 
Meas-al tfleS tM.s «ately#t m ©tJier typ#s ©f ©o^simds au& 
f#«m€ t&ati.,, will© aM«liy€@s *©» reatilj krdrogenated# 
Jteeteses -mm m% affe0t«4 fin# t@ %hm »to@tl©a ©# etiprom-s 
m -
to trm wM$li ms relativsly iaaiitlT©* 13ii® 
mM m%hm gwfS'iiiag in se» asp#ets,. 'but it fw-
sis&sd st^oag ©yid#ii#e ®fe<w %hAt w# m mm% 
»3r« asttT® Iiy4»-g©ii&ti..©n mta'S^st ttisa trm 0Offsr iia€®r 
sam© ©0»fii%l0iis-*- It. &lm ia.41«at#4 tMt tli© anpratts 
oxl4e-»«al@lm ©site catalyst Mm-a a l®w B-imhiXltj aaA that 
Its a©ti¥ity ©sait to# testray#! •m&mr emparatimly mlM 
©osAitioas-# 
t&e pr#seat stufii* was at thla poist* *S%m iitsra--
tt«e was fotsfi t© 'be rteli ia I'dferese^.s te tli« tts® 0f 
a^li©t«ri0 or acsiiie #ii4®s as pfOTOt-ei-s tm copper eatalysts 
Sie lis# ef #liraa4i» ©site as a pr«m©t&:r for-
o-efpey 0atalfst.s ias hmm tJi© ©f s#feral 
stttiiss* e«pp#r eli^^iite eatalfst m® 
i3ii^«©stl0mbly s%abiil»d by tk© pr«s@ma© of oxld®* 
fM® 5r«»at stftdf waa fe©gtm *fit^k tfc# ptirfose of deterslniag 
tb# «sff®etifeiiess ©f fajeieas 0^4©s as pi*o»teys for thB 
mprnm ©stie-sal&imi joxii© <satal|-st#. It. was f@.lt tliat 
s#f#fal impTVkt-^mntm hm aa.t© by tli@ aMltioa ©f 
aap&et«l@ m aslil© oxl4w to- t&e o:rlgimI ©mfeimtioa# 
f!i« first iafr«iT«aaat .s^iaglit m&B tfee stiifeiltsatioa of t.&# 
gttparotts ©xid® agaiast ^etw.otiaa,i amfi tto.is ma.&% hm regari.©t 
m trb® a0st .IffiportaBt. ww^thm pr«©t.i€ai ©f the aetiidty of 
til© ©rlgiiial. eats-ifst was r#f©y4ei as tesiyable., fciit n^t 
.esgsstialj sins® tlie srlgiasl otipi'^tia ©^€#-eai©iiaa oxifi# 
eatalyst «s .q.iiite ae-tiTe* la. aiditisa. It m.B tBiotigfat tMt 
» £5 m 
a fi?€est«r w&nXA proljaljly lower tfee tei^erstwr# ©f 
mtimtiQU of -#ata,iyst* 
feeafc in tbls -wmk. 
am lasld# dids^tfef of 
IMS W&.B fit%©4 «i.ti. a 
of 
siie©t '0t mppm* la t^ier t© ©totals a 
&Xm&&, a Ja«af7 lea€ mppmr 
betmrnm %h0 hmM& aa€ tte® boabi, ami. tMs li#< 
of ffoAaetng 27 ossllla-
to tte "mmh tferoagii. a tiireaaeil e.oj^ss-tioa is tia Mad 
*»s a hm'Wf si©#dl« Talw^» Tbm ©yllat#? ms iieM 
tij a lieafj ste-el #©llar arooad its ©eater, wlii©.li reat©t in 
tvixm m. fcwQ 
#s hf as 
ticas C(:f tii© 
W8S iaatet fey m&m of" two elmtrSM&l 
l^y moliiag. #©ils sf iiieii2'«® iat© slislXs of aloadi® 
i.,- s,tiap#t to fit eTOm€ tha two s#«t4oas ®f tli© st@©3L 
fliege asits «3?-e ©a?«ftilly iBsialflt#4 IssiAe aai 
witli slieet asfeest©® aad s®*©^®t ©a tli@ ©ittsid© wit^ s g« 
Tattised iron jS'Skfit to protest tiii 
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with liii® aM ms aefc lier#.» &ts mine "mm 
tm istes^aS. 1«0 m& .potmis# 
mrnSMg, mmm #f a l^to©geaatl«m^3?#a€i»gg -mm 
tatea ©t r#®al.a? iMtmmls m & ilaa#t 
ia the tli®2^a#t©r wll# Simm tlws© tm^mrntwrnm tia. m% 
^epresmt tM aetaal ta^erattti*«is «f tk® coateats ©f 
tlie l3«bj,. it w» a#§@#isai5- t# frsfar© a ©alitetioa Q'MTt by 
^i&li til® mil e©tilft l>@ Qmwm%i&& lato^ e^ttial. 
teMfe tmp«ratttTOs.« a# ealiteattoa mas earrled m% as follswsi 
SiO al* ©f gli'e-erim® -mm fIa«M 1b tie- feo^., aM t% «# elos#i 
wltli a tti^'OraST' fitted #f©ir a i©a4 gask«t» fto# 
•w0hoA©ii «i©stala®€ as 45f©»iiig %Mqu0i i^iel « 
was iasartsd so tlmt it »zteii4»4 *0^1 iato tb© 
lifTiia eeaiteiits «if tli@ A. mmnA ©allb:rat«i 
%mT mms pla#@€ ia tli» mgolmT tkm^mete^ -mll.^ eafi tim ho^ 
s#t t& foeklag aaft tb# lieatlag ©l#a®ats ©a Jast &b Im 
tlie c©*ifse a »gu3,ar lyix-sigemtiea#. aeailags «f %li« t«© 
tli#f®«0tsrs m%T® r@@oi»€@€ at two aisttt® iatsifvals imtil tfe© 
ia tkm w#i3L Tm&hmi. .-I2i® r@ai» 
i»g» ©f tte tti#faM»9ter ta t&# m^m Qm»m%m& for #t« 
aat ffm ©©rsreete-fi »a€iEgs a ms fr#-
par®t hj 'Aisii ^11 tempsmtmi?#® b# eesTOrtgd SirestXf 
%Q. bcimfe fto teafe ms a®t fitted with, a 
mm.% wid,^U mfie i&mmmTf tig i;«® ®f 
tM.e Bms^m.% Inm mQmutm fox- m&BwtlMg 
Oatalygte 
1#. WQ fifty mXrn &f & a-Mlm bjir-exli® 
solstt^a flgor#iis to a sdiatloii eoa-
Bm grams »f aafi S5# m^ms% ia 
1SS0 al* of wt#r« Si# sistw® mg tM& -mrmi. ©fer # mt;»r 
Mth to aMmt fi»r ® ia a B^M^r 
and m'^#4 mtll %im filiate ms 0l.«ar» 
itat© was f® IS boars im a msttm iesi@#ator* a® 
activity tl# 0mg§ s@ a Iiyirogsmti®a agtalys^ is ^gi-eat-lj 
aff'sstj@t by -ula&r ia tlie ss.ttoi #f pr«faratioii.« 
fift^ sl.,». 0# a sotiw l^tr®zi.a® 
aolmtiem *s -a4#»t to a s#imtloa eeaUatoii^ 250 of 
in 1.©®®- si. -of mtm* ffes Msfctir© wis hmteS. to 
Millie aad stlryed ¥lg©r#tijily for S§ miatibes aad flitsred ia 
a fnasftl. me f:p««ipitate «s- *aHsa xmrntmAlf wltH 
li©t «ter aai aari©^ usd&r vaeam at a50®0» for aix 3i©ws« 
gm.» A tlilrty gram ss^le 0f Oag0 eatalyst ¥«s re-
tee ©a. wi'^to. a str@aa of trf Iij4r<»geii at a li©ap@ratur© of S0O^O.» 
tQT a p#riad ©f t» lio?®,s» At tfe® ©f tills reiw-
tios Mad p^#e©ii€si as fair as .p^ssifel# m4«r tlies© ©aadltioasn 
altli©»gli 0.#pf#r r@-d«.o#t im^.m tteas# cosaitioas was t© 
e@ataia smli fuantiti^s of #xlie wlii©^ eamiot tea r«<i»o©t 
mless irastl© ©oaditieme hm afpli#4# 
» m 
Tm fetmirm fifty si* of a to^ 
sMiiM B i^Mttm wm a4<ftei lo s adliati#a coataiaiag 
s5§ grans »f )2*s%0» ^§s grass mt gLmmm^. aad Z9Sf 
^mm ef 20^fl%}g*iS%O .to. IBIO: al» %0-. Siis sirt.«r® was 
hmm%m€ at SS%« fm 30 M«t#3 m a Mtli, fiiteret ia 
a iSelmer fms®!,. wssii«i r^ peateAly witli watm.^ , aa€ ari©4 
Ib a wm^wm t©0i#®at©r tm 48 feea?p» 
fws fcanirM fiftf al» of a 4&$ soaim 
aolMtiOtt ws t# a »lmti0s e^ateialag 2S0 
@f o-m(»gl2*s%0# god gt&mB &t alc9dg}g,#%ci, aa4 2s0 
^aaa gliue#®# ia ,xs^ sl« et mtmr* f!s^ 'm.xtts't *s 
at SS®0* far » ai«it©0 asi filtered la & Bistetr ftms#!* fbe 
pr©«5ipitat® w&M rttt-atedy* witb tot am tried 
la a Mmimmtm tm li#'*irs« 
6» gm^O «* »|Og.|g>. fifty ai» of « 40^ 
sotim -mQlu%i,m was s.ii#€ to a s#l«tlea e^ataiaiag 
ESQ g^n&s of SmCMg|g.*-iS ,^ S0§ si, mt a .80  ^ solm-
ti^ n,, as  ^ BSOf g^a» «f glacose ia 1B§0  ^si. ©f fim 
ffiistin?© m.B. li@at«4 t©- t&.@r© fer W mtsmtss, a»d 
tJien tllt#r©t in a fmael* fti# «as 
waskti fepeat#i3.j witii tot imter aaA 4ri«t im a wmmm 
fm 4i tears# 
f«. 0tt^  -» giiCOg|£.» §m bim&F^d fifty si. -of & 
S0tim fey€r%:sit# s©ltitl©a «# adtei te a solntfos <ioiitaiai:^  
X0§ gireaas &t 100 grans ©f aM 6 
graas of e<»C»3l*S%0 in S&O mlp '©f Si® mixttir© «s 
to 8S%*,,^  MM tb®^e tm anA tkm tiXtmm4 
wSth a Bistesr fimttel-# ffe® freelfitat© -ms washM Tep0&te4iy 
with hot mmx" «i tetet is a mmm ^msMmt&r tm 4® hom-B* 
Bm §%gQ - ialqllg, fms ms pi»©p8»a a©s#^4iag 
to m® iix-tttions ©f btazel |ss|» 
Qm ^asiret fifty si. a sMim ^ a^exlA® seimtisn 
ws aii#4 to a m&lmtlQm. ©oiitaiaiiig •C5*S ,graas #f OafB&glg* 
100 aat MO of - d#2tr0Se _ia 4S© 
iil» of «t»# six t^cr® ws 011 a watt? Isstk at 
85%* tm ^  aiamtes*. in a Bfctmer sad 
msii©t aattl tbe flltamte was #lear'». Bi© fr#6lfitate w.s 
4rim tm- .10 &©srs tmier vasmuis* 
t* g.h3?«iit.8 m* !-» fills ©atelyst was fy#far@4 
asew&ing t© ii.r©«tl®iis of SsllmiSert asfi S4gar {1E|« 
•§a#-Iialf »1® I Mi grassi of Bi.gCacgO .^*.EHg© aaA oa© .a«ls 
(25© ^aasl «f *f# iissolwd in MO0 ill., of HgO* 
»les «f ©#s##iitrat#i ,l%Oil was a-iii®t to tMs selntiQa, 
fii® ffitxt®© WIS in .a fiisaei amd mtil 
tlie «sli w,t«r ms ©©Xofle»» fli© »lit ws 42"i#i at 110%» 
am t# 
10* se|aig«g- cligi^t© s^m zm ®ilg fa^ly.bt; %ms pr-op^rsd 
.aee^Miag t0 t&© ©f 0©aii©x,* W&lkmB ast Aflfeis® |li}» 
- ^  •-
'Wim aa4 fQttT-teatlis g?aas of BaCHOgJg ma M0S0i1t#4 la, 
SO si# #f boiltsg «it«» Bmrntj-^ Bmrnn sad %-m^%m%hB 
©f 't^ gHQgl^ l^SSg  ^ w&m il3s©l«a 1b 450 sl» ®f wm wter,. 
aat 109- ©rass- cif 0m|»gl.g»3%O *s Aiss©lir®i. ia ISO- of -• 
«t®r* tmr«#~.s©lmtiems wmm mxet @.t asd 94.4 
^ams ©f CSl4lg®3»SgO i» 53S Sil# ©f mt© '^ wmm a44#4« ft© 
ffiixtBs-© w,s tUtexed la a ilste©  ^ wsliM witfet t®®- 5t 
®1* pis t^ioua ©f irtet at aad 
•te&oap©s«4 ti" lieatlag t© l.tO*g-^ %* 
fto was tli®a s«sp®M@t la 190 aj.* of m 
W$ a.#eti0 aeid sttltttim, flltsr©.t, wasiiti wlt.li two W si#. 
f0rtioat Qt wtt«r, a»t drlei &.% llq«*lbt%#-
n 
WT'0m%mwm 
l.» #aO» 0a0 ii0#i ia tties# 0s;p«rlii©ats was »4© by 
k#atiag a .reageat gmd© ©f Saf0H|g at "HSO-SOO^# for a p#rl©t 
M %WQ iai« CitO «i. pTOiSFei Mferg ©aeli 
aai ttg«t ismsiiatelj after its 
E. '^ Cl> ;Si« met ta tlis atiiiy ms f3e«pa:rea W 
ii-satiag a r«agsiit grat® ©f 2a0ft§ at ?OO«<^00-®0«, tor two liows*-
'ms m&mA i^»tlat©lj itg ^©pamtloa# 
3* i3.g%-» ®i® as#4 ia them wma a 
s®sa©tolal grai,® of astifat## alimiaa p»p^red ^i-tlally 'i®-
lif&atteg ^ X'e«lp£tat©A Jl(6S|g at ittot«»t©lr Migli, teap@»-
* s3. ** 
%m&B la tMs tmm t% Mm a ^m%. 
afftnitf tm w^%m m& mist fc© k«ft la a eaj^ efmlly steppsred 
bottl#.*. 
4» m&«- On# &«ai3f®€ a3..» M a -iOfi s»«iiw 
solmtios was a44!it si't& stiwimg %© a ##iati0ji ©oa» 
•fealBlJ  ^ Sfi .grass of ia BSO si* @f Sils 
«.s f&j? Matttes aM tli#s filter©# ia a 
fimnitl. si« pr#©ipita^@ ms wasmm witl 
k©t. mt«y ftttd irlei is a Tasisas Segiesatos* for Ig Mmys* 
i» arg%» 0]rg% ms fy«paf^ ©d Mtb liy kestl»g 
QTiW^}^ aat by 4@&ytetliig CS^fOSjg %t atttisfe te^erattff#s» 
15i© latter a©tli©€ «ss f^ iOEni. t# fee far iot^  aetlMs 
a» giirm* 
ta| W t t t j  grass of aalifdr.o«s sf reagent grsde 
tob li©at#4. at ^^0-400'%* tor «st tli@ oi'g% foi»4 
ms- gt«r#d la a st^ pp sto-A battle* fMs sai^ l© wg 
Mit a ®atisfest(@i^  pmmtmrn-
|1b|. ar®# iMffli-irdd si*, ©f #©B#«mtS'at#4 il^ BH was adtei to 
& s©l»tim ©0atai»iag aS© &f I^ CWsl3-».151g0' ia 1©  ^ial« 
•of wt#r SUA t.M adxti^ © *s filtes t^ ia a BleMeir fmnel 
aft#r being wstet repes'tafilf fey Mamutatim* 'Bies prselpttati® 
&w@m.igt't, at 3ULt®S* aat irl«i ia4©r iraatim tm 
fcftr htuifflfs -at Sils ssil?-staiwe is %gpos©;8pie asA 
ms stoi»®€ in a gla»s t^'dppmmd bottl©* 
• ss -«»• 
6* One feimfiret grams of wis aMM to & 
@0ataiftlag 3.®0 ^am@ '&t glmmm in si.* of «at«ip, 
QMS, till# aixfc«r# ms a.ig®®t#<i m 9. steas plat© im E# Moors* 
Si© sixtwa «s i» a sletor twimX aad %hm fr#eipi-. 
tat© mshM witli h&% wate^ t# rmmm &w traces of 
gltt0©s®« Tim fr#elpltet# m,s dried oTsyaight at aad 
tli©a trl«i im€«r ^a-sum foaf toars. "ais gabstaaoe is 
kygro'seofic and was k#ft is a glass st0pp#i*e4 bottl©* 
f» €oO"-» to# litffitrM 111, ©f eeae.^ats'eted H^OI! ms ati«d 
tQ a s^lntiom of 10t gyaiis ©f Go|»gig*Si^ ia 10QO al, ©f 
watr©3?# ais ais:tttr® i»s fiXter-M aa€ wsii.^4 *ttli amll por-*-
ti#sg- of liot «ter laitil tli«, filtrate «as . fli@ 
p^eaifitate «s •dried at 110%-* ami fa©at®d 
at SQO^Qt fsr t-mT Mms* 
8» M©g%» Oa@ litm4r©d ^aa® ©f MoOg was wmmhm&t iMed^ 
aB-fi r«4ti<i©4 ia a at»as of try &jtreg#a at SW»MQ^m tm ©a® 
licwir# leto^tiea to d#ep bin© ^#s was ecmflet© at tli@ 
© a d  & t  t M s  
^Eyftrogeaati^ aaterialg 
"1. toyijpog^a st««d ia eyliBi#rs at 125 
at»splier©s wa® asM wit&©ttt 
;2» fli# fwftoal msed «s by mtlisi of 
AAams (!}•• fseMisal. wsb disttll@4 tai@r p^easwts 
mi M»'M *. first 0f tl# Aistiliate mM set asitog 
aM tb® aliiit ms A wis 
t&us ©l>taia#4». 
S, *ai® md#topk®am# tts«<d ms ©fetala©4 hf itstilliag a 
sa i^e of sufestaac© liilsli liai l#«n €ri«i wer s.Btkjiroiis 
smlaa 
111 6h,#®i#als ii®«€ in this stuiy Wi» of r«a,g©at p?a€© 
tialess ©tiiesrwiae dwigaatet#-
Wm%M€ &t 
Tm ^wifired fifty aX» #f tmtm&l togettor wltti 'thm 
eatalyst wa plao#4 ia %im fli© .li@a,4 was 0los«i 
aM .Hfirsgeii was let iato th® bsab mtii t^ e ^age sfeowt 
•W§ fom4s fliis ^ ^mgm -mw 'wm%e  ^ off is or4®r 
to B-mm-p ail ot&er out ©f tli# feoals-|^  aai Ityi^ gea was 
agaia aiteltted mtil tfee initial t«is 
fM aeMl© mlf© was t&es closet ami, tli# 
was igft s'tasaiBs aa baw is. oMmt aay. 
leaks ia the syst©a» It a© ©-M»g« la pf^ ssiire was asteet©# 
•at tfe,® #ii4 of m h&mr^ . tli« »s. s«t % .^ tit® 
&#at4»g uaits ooiiae«te4.» sb4 frsssnre "wif#-
at five aiatifca latearrals tmtil tm^ene-skttt^ e ta 
tli© well liQ<^a«, at fGlat toattag mtim 
^ vm^. ast tli@ was l«ft roek aatil tto 
•tempara t^Kce ia tie W!©!! f#ll to 1S§%* • 13i@re . tii# r©s3ti^  
-ma stepfet,^ . iiM_ tli« bmb and its @#at©a'fes were all®w#i ta 
m -
Qool owi-nlgfctt* Aftrnv the bomb tod eooled final 
t«mp«rat^e and pressyr® reaiiags wem ta&ea* ®i# y©ffiaia,iiig. 
kffirogea w&b off, aafi tlie liy4yog©aation pi-isdtiets were 
r®0T#d* f#llowiag tills tbe was earsfuliy oleaned 
©mt by M^aas ©f a wire tetisli aafi elotli smhs aii4 fi^uslied 
witli asetone to r®ove amy tfa©© of lijdrogenation pro-4uet @r 
©atalyst* 'fli© pr©dtiets ©btalast fmm Wm liy€r©g©natioa of 
ftirfwal mm eopper eatal|-sts hmm earsfmlly ©xaiaiii©d 
by Aikias aM Ms QQ^mtk&s I1.1H13) |15) * Sinm tli© oh^mt 
©f thif stm4y was t© Aeteralii© the y«latiire a«tifitj of tlm 
oataljsts ratlier tliaB tli« aatuo*® of tli« liyirogeaa* 
ti^m pTOtoets, m fnaptlier analyses wer© earri«i ©mt» 
Mttfeois tteea fern iete»iB&tioii of ralatlTs gates of bydm--
g©bati#a 
^©: 0bs«yT©a pr®ss:tt]e«s w©re to a eemparable 
basis by addiag 15 p^imas to mnwert them to afesQlute pres-
stires aM tliea redmelag thmm te tiie tIi«oretl©al pressure at 
©®S» Aftei' tilts eo&mrsXm tk# lif4i*og®a mmtmptlom 
m&j he r©sari@4 m ^irmtly prefortloiial to the prassw© 
trsfs# fw til® Qt o-o»pariB6 aetivity of ©ataiysts, 
pressure i»ps may be ©oa^areS as w®ll as eoastaaptioas ©f 
liyir©g©a i» soles* la this stmdy eeaparison. between tii© 
aett¥iti#s of til© aiffc3?©at eatalysts was obtaiaad hy plotting 
tit® pfessa^© i3?opa ovm tim m±mitm iat«rfals mthm tiiaa by 
pl^ttiag t«tal liyflxogen ©oasamptioii against time> sines tli© 
ao-ti¥lty of a eatalyat tmj "be quite aiff©ir@Et st mrioiis 
fertods <3f tlia kf4r«g®imt.ioii-* fiil.s setlicid of ©cmpax-lsoa was 
fomd %Q affaM tli® best ©oaparlsoa betweea tte aetivitj 
tM ©atalfsts la pliaaes Qf a lijiirGgeaatlea^ 
pa:rtieularly tli« m f t r n t s  Q t  differest psisQters ©a a 
parti^-iiiar oatal^st. beiag stmiiM* 
1&# fr©ss.u&« e©srest#t t© 0®cj# rises siigfetlj awring 
til© heating dtt« to tli© fi@#r®ased s l^ubilitf of hjd2*o.gea ia 
til© tMTfuriil aM.ti© fapor pr&ssmr® ©f tke fwfural itself, 
sad es tkm kf^oQm&ti-m staxts,. tliis m^esstir© sliarplj 
f»ia a aaxlatis mine# fli® teaperature at tAieli tlie mxiam 
presssr© is r-eaeiied my b« ragaMei ss tlie point at whioh 
^yirogeaatloa started# Xe plottlag p.r-tssare toops agaimst 
tim©# tli© pl©t was at tli© point whme ttiis mxlima pr©s-
stjT® m.s rtaobea aM ws extended to a mear the ©ai of 
til© liyijogesatiGB, wliere tlie rat© f«ll &tf rapidly* la the 
liyciroges.ati0a <*f fti^-fural tks fiyst pTOdaot is us-uallj f^tc-
fwyl al-0<3li©lj but pTOlOBs©! treataeat o¥«r e#rtain catalysts 
iresulta. la tli@ f©matt©a mt fttrtii@r hyarogeiiatioB profiiiets 
©tteli as »yl¥a», tetra^arofttrfuffyl al«.olioi.» ©r thm 
p:#ataa©Aio3.s |13H14K this is fartlswlaylj tyu© tli© 
nor© aetlve eatalysts ar# #mpl0y«S.. Bie first plias© of th® 
hytr^ggaatloa Qt furfisral,. iww^lrlnB its tyans-formtiQii iato 
fmrfUTfl aleoti©!,., was ©hosen tm aeasorisg tlie activity of 
tii€ mriotts oatalfsts MB®a« Slas® S50 al* of furfural 
measured at SO-ES^C# repres-©iit®4 approalMteiy ttece ael©®^ 
m 
©f vmaXA fee ret^s*®^ eomvert tb© 
f^ftiral. te fiirftiryl ani amy &oitsmpti«a of liydj*©gen 
tliis ai©iffit -wtiia iMieat© tM% g%U®t reaetlons M4 
ta^#a p3.ss«» fb© edmsi^tt^a ees ^o«iits 'prmmm& &£' 
hf&vo^m eal§«lat©4 at §®C* tli# poiat m% -wiiieto spproi:-
isat^ ly ©f t.li« fafffu^al ia4 been %m 
tiatw f^t almlmXm !&© lii» tak#a tmT tii@ of BSB 
•pmm&s pmsBm'B Qt ia tli# ms i^om by&mgmmtlQBa 
Ms fee^a tatoiilat»©€ la m^er to iresent aaofeiier Mb13 tm ©oa?-
farison- of tiie- activity of tlj© &tftmTmt m%& in 
t^is at«i4y« 
^s0mssl©a ©f e^siilts 
Mmzel 1 )^ tmm£ that by 5a# -ms.m •v&tf 
M0%tm #atalfst tQT th% Qt fwfwal aM other 
aldely&s,, bmt stteapta to lifdifOge»ate tetoaes tMs 
oataifst failM* ®J.s faiXtar# was t© tie rednotiaa -ef 
0ttgo t© &«e e#p5er,. -v&isli -ms. toy its brigbt 
j?«d eoJ.03?-, its larg© partisi# siz©., aad Ita 
alasst total laek ef eatalytie pyggest 
mtnMf a ambei' of dlffefsmt ©xii«s wsy© ««©4 to suppleaeat 
t-h# fro»ter a^atl^ s ©.f OaO i», aa att«pt to tli# 
©yigiaal catalyst • S«¥ersX i^roveiMalis were eonsidered 
possible %h& ttsft Qt a s©#ciat prc®a©te^* fli© stabili­
zation of SmgO against reteatififa te aetalll© soppei? was t® be 
til© pr5»rjf jfttaotios of a suppi^ saeatary p3r»«t«r* la aMition 
to this aa inaMas© ia and a ^e€iie-%l©ii in tli© 
astifBti©B of til# erigiasl estalyst wmld 
0fetalB®4 if tlie ps"«^®3P w®m matt# 
Brnmml tmtmm- s^srret a.s i*ii4es- ia tlie &li#ls8 ef tit# 
smb®taii##s tts#4 as pre»t©i's» Mb% mrk iaiioatet 
%Mt metallic ©litts »iil€ be tli© flxst sis9« 
ortgtaal catalyst mm ©»frt3«4 of s^.4©m, 'Immmn aah Bm&km 
|B4| f&tffifi that ^ere px-sfflote^s w©r6 el©s«ly alliet 
«tieiiS.©aliy til© rnttmt was farelj aitltif©# Wmww&T  ^ liiare 
tiis ]pr«oti®rs we^© Q,oit® tiff ©rent ia &feara§t©r a g»atly 
ealism!g«€ ©tf tet m» #li-talaiai» Sime ms a bmaie sxid©, 
tti© -Meos€ was eli#s#a tmm aasng exid«g ©itter 
asMie la -^tet^ rts la. sasa-4. §rittea4eii 
liafi 3mp©rted tfaat 'Qi# tt» &f m ®#i4l0 mM& siafi «itli a 
iMsie oxii® as pT&m%&» f©i* t»m satalysts gate T©rj tmwm*' 
aWe TSsnXtB* Oxi€ss Mtiiig aaliie pf«pefties wre of 
speeial laterest ia tkls ^asB., siase it was tiio^kt. tMt thef 
w#«14 ttM to »t»Mila© basie by th.© fssmtl.#© ©f 
i©«:s© oli«l#sl cs||s4||^i-*-
Oxiies of metals ia the tMrA,. stxtliK aai mwmw^h 
gywip# ia t&® f«io€i© tabie ^#«a um& as pircMtets tm 
eeppeif oatalfsts hj •wmrxmm iav©stlgst©rs cs||.lij, as4 sost 
of ths ©'Xldes tsti ia %him stiiiy -were ofesses fi«« tim&m 
gr©i^a» fh.ess 02ia®s w#ye #mr©6t«i*ism hf tliei^ mgli 
1  ^p#iat asfi their ef red t^i^ a# Sefsral #f tli# 
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0ataljsts s-oasistiiig of ^ M^Q-f xm^ -
*(oa|g aai €©coh|g 6©*frs#ipitat«i wltli smg© w«r« 
ami. tsst®4 for to# liyd»gemtii>a #f fwftiral# Si« ©o-
fireeipitg.ted eatalysts wmm tried mter vsemia f&T exteiii®4 
p r^loaa,. GA0 w&m a€t#d Jmst toefsre tlie sstaly t^# wmm 
tested* Th0 results sf t&©s© t®sts wem wmf 41sapp®istiiig«. 
fee ^a'§MTtt#s of tii«s« mt^ lfm%& as f©apare€ t.© 
lfeaz«l*s ertglaal tataly-ste ar© sliem JLh l^hlm I asd figure 1* 
t©mp#rati^e s^titatloa «s tbese 00^ 
p?e«lpitali©i ©ataljsts, ijmt tfesiar -ae-ti^ty ms mnXj ebemli 
iialf tbat &t %h& .Qmg0-SsO catalyst-.* It s©«#.d eTident. at 
tiil,a p©-ist Ijfaat tlie Im aetiwiti- was 4ae t© tiie pr#s#a©-e &t 
#»es« vmtmT Qf tiytyetiob {g6|» ©mfsylseas ef tli# 
aatlvitj ©f §ii©S aai as catalysts aM &t «ffe«ti¥e-
ae.ss of flaO ant Ga|#II)g &m pmsmtmn iiitl®at#4 Qlmrlf 
ttiat «t9f MeM i.a &s^ nmmrnw"., ^Iiyslsal m 
astivity Qt tkmae osf^ omds, proMblf by* sasSitag parts M 
tliei2»" adtt^ e gurfa®©#- tiiis reasom all aatalfste m& 
m^d im tliis stady wmm 4ri©i as tiiftyomghlj as . 
mttm' their aai. 'wr® st^ m  ^ -im 
tiglit ©m-teiaers mtll te8%«t* VtBU it «is fmmi. tMt tJi© 
t«p#rat«re.s nBmsmrw dry t&« e«-p»<sipitat@i mt&lymt 
wnil€ dsaetimt# %bm QuqQ px'emmmt^ ail fmrtliei' 
att^s^ts t& pr^pmm mt&lyBts §ugQ 
wmm mhmMm4.^ 
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flia fMs# Qf tJiis ws TOBeeyiiM wftl thm 
m&Qh&M.m% aifiltioa smttltaestai-y o^w^o-oao. 
•fGilo»iiig a«t^ Ms in tlie gemifai litsmtiiy© {10 J, 
t&€p:e w$m f»pajp«t toy pracrl^ ltattag tfee 
tA#s QT aat refused 
pressi^ &s at reMtl.ir«ly lew %mk^mv&tmm {g#i*g5§%«K Is 
all sas©s til® ©xiies w«r# p»pa»4 la « red»e@€ state, Binm 
tim- Tm4M0%iGU ©f a lilglier oxid© Amrlag tlie eswsa of m 
liy4]r@g@ii€tt®a wemld. ^aits# tli# llbemtloa ef wat#!- whisli 
woMli rsimee tfe©' mtiwltf Qt tlie Qtimv ©atalyti# iat^ rial© 
present* ®i© ,ftos©ii«e sf mtef fiiia amy seta'©# ms oaasia-
6X#d im4«siralsls gai was ms t^d as a- gr«j-ter» 
filieii iijteat®4 <Jsli«s wsx-e mt#r 
at tespsratmresg a fin#, strmtiir® with, a iarg® 
aa©mt. ©f s«irfaa# was ©fetalaefi.- HigMi' temp«ratsir#s »iil4 
lia*e amsolitetM tlies© mmtmmm amt ©f th« 
fia#' stifWtttp# wm seat ©f eatalyti# aetiTlty* 
Sine® th&m exides w®r© pTOfmyet for mss la mseliaaleal six-
tiires,. it wgs es&#atial tMt %li#y ©xist ia a fe^y fia© stat# 
of suli^dtTrisiOT in %h&t iatiMts ooaliaet fe© ©totaiiied. 
tj@fe*«a t.&© and th@ eatelfst# 
.tfiaaiJlts 0f f&rlmB w®r# fr#fa:r#i aai as 
51*0*t«rs f« ia the hfiT&gmmtS,m of fwrfis'al. si# 
first ©iltas t©st«d iii mot m#«.t witli tasisfiiate sme©#ss* 
*lg§3y 7mQ, ccs#-, am m%% tfied, and aittioia^ »eli 
®f exlA«« tli® astifatiQa @f Mi# 
m • 
0mg0»8al5 ©atalyst,: tl# a#tt¥tti@s ©f tlis nw •eoaMimtica.® 
f#med ftll »asiierablj feel^w that of t&o ©rigiaal eataiyat 
sat esii^a3^«4 •m£m'wm&hXy with th® aetifitj of tli® Afikla© 
eliroisit« «telyst.- a« df t^@se mrioiM 
'Qimhlmtima. sre Bhmm in ^s'bX© II aad figw© S» Stoea 
tjb.«s@ r«sttlts w«r© rftgari#fi m tmsatisfe'story, no atteapt 
was to ateiy tlie staMlisisg ^ thme ©xiftes cstm 
thB s%0»sa0 tatalfst wlieii hjss'M la tlie iyarogeaatlon of 
fceteaee m et&ei' types ©f ss«p©im4s«. 
la viw Aikiai* fg) as# ef <5%% as a for 
sepptar %m Ms eoppes? ©hraialte catalyst» pi-epar^ a by 
t&e iebj&rstiOH ©f SrC;®!^  ws as a piecsatei' twt 
0iigO# foiiM tci b# a very prmmtrnT 
tm Qii^ Q-CaO.ji as sIi^wb la plots in figure S-* &amplm 
©f Ci'gig fr©pay«a hy the 4#©-©-ap®siti@a of CrCSO I^g ms tested 
at tfiis ti» ia @r4©r to t^temla® tb# effect at the 
of preparatl#a »ii tfe# aetiflty of a This smmplm 
w&s fomt tm be far imimim ti> tb® first -sa^ls, and tii# 
a#tiflty of til© ©stalest c^atainiag this ws aaly mhomt 
I^f t!i«t of tlie -mt&lfmt esmfelniag ps'tfared fim 
fii# m%im wss aixsd wttH §ii0 ast OaO la 
to- foya a mmh&mtmlly oatalyst -of the o-opp#r 
type* fMs ©©sbiaati^m. wms foim-d to- fee set If®, 
a-a ia III figisre S,, altiiottgli Its metiTitf 
io©-s not approaeli tMt af tlie ®ts aetlftty. 
of Ot^-§a-® mxt ©xasise-t aM was f©m4 to l^e gf-eate.S' tMa 
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that of tk^ aeti^ities of %hm& -rarieiis 
mt&lfmtB as uhmu Im figw« .S, it eaa b# s©«ii ttet Srg% 
mm@li aofe as a pr©iaet®f for QUgt tMs. 
tm- Imaiiaat-ioa €»f t&eae catalysts after tl» iiyiro-
geaatifta liat b-e«ii tfcat Sn© does s#t act as 
a eatalyst for ^€r©geaati©a hut is ^e4ue®€ to G%0 pre-
limiBiirj to tM hfiTugmmtXm ©f lilie .©I'gaai© emp-om.4# Si« 
aeti¥© f©m of feeij^ tts#4 a® a liFdrogemtioa 
eatalyst^ was foimfi. t© b« fery tss'k r«i. in eoloy, t&oiagli the 
of tk© ©xlde ms still ^ ©ry asar tlis tleoi-eti©©! 
Tal«@ QmgQ* ^oloif o-f tM© aetiire Sag# was qmit® 
fiiffel^ ent fres the r#d ol>0«^¥©€ la agst prepare ti©as., 
wMek aay atsomt tm tk@ to ;&b-@erve aay siga of 
r#aaeti#ii is a sampli© of s«pp«i? sli^ ®®ite catalyst after it 
lis4 Been ia a iarfc §©!« ©f tli© 
llttg© was Mli©T®i t& hm i«© t<o tl© very 8«11 aim of its 
pa,rtisl©§# 
a prsljjatm^'j stety sli«*«s timt Qu(:W^}g 'ma a 
•©atisfa«t«3?y lii^iirogeaatioa efttalyst|,- aM f#r tMs y«asoa an 
osl4e «f wmiimt ms ms#i as a for a%d~0aO,., S^me 
%% i® reatily mtw seaditiofts., 
feXa^k fg04 fiiis ©xl.is p-»¥#d t#. be tli« »est 
#ffeeti¥g ^tiiU.©!, as hf If aM figure 4# 
Tills pire®&t«y a. taarsase ia %h.& activity of 
tlie mieXml satalfst.|. aad wliil« It iifi not i^mer tto® t^^r-
of a@ti^tl©aj it gy®atl? ®tort«a»A th® tsri©d ©f tis® 
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wmmsmrj to tbe to it® f«ll after 
liyi3?©g©aatios wms Initiated, s.s sh&wsi bj %hQ- sloje 0f tli© 
•carws ia 4* 
Im ¥i«w #f lAe mitrntlrmnm^ %% as & pmmtmr f«r 
CmgO^eaOji it ws asxt t&mtmd m & pmmot^r'i^T QWo^Q&iO aM 
agais was fomt ^ he mTf .effe^tiw, as shmm by figar© 4.. 
A catalyst ©©apussd ©f 6i^-»fgC34-6a0 was umrlf as aeti¥© as 
a ostaifst imd# #f aagO-f^4-CaO, ^11® a oatalyst ooa». 
pssst of 0mgOi-»:0rg0g-Ga0 «s fay »r® a@ti¥e tiiaa a ©afelFst 
©€apos#4 of onO»Crg%-Ca©, a© sMosa is figme §• A xml^w 
of a mp&^t hf SsMti#r amt ^dllie (M| m. tM eoj^arieoa 
#.1" tlie eatalytie teliy&atiiig asi €afej€r©gsaatiag pQvmr of 
¥arloms ©xia^s rtv#al#€ tmt 0^% @ powerful is^yiratiag 
oatalFSt, wMl# maaiiim oxit®s hm& ©alj slight «ataljti@ 
tafeydrating aetifitj* ^is ast© it fossibl© t© 
§mgCK0a0 «ltli sste'i'iaHy :retm@iiig its s©l..©eti¥ity» 
Til© ©ffi«i©aey mt ?2% CmD 
l,®i, t# aa tawstigatioa ef its iis« as a pyo^tes- fef metallis 
copper salieiysts* A ssafl# ©t ©@ff#r wl%h eao «ts 
fo«a4 t©' liate a wrf 3.»» am.taljtis setiYitf,.. but tli© a44i-
tioa ©f %% rai#®4 tfee activity ©f tlae eateljst tQ a satis-
faet©ry 3.#fsl,, a® -@liei»a ia „?igay© 4.,. TM.S last d#fel©pseat 
*is r©garts4 ^ipiifliiast, sijans ©ffeetiv® pr©»0t«^s for 
MtalXi© o©pp#r eatalysts Mto lj©©a wi4@lj 
Ia a#s:t fliaa® of this iaTOiStigatidHi,- StigO-VgS^-
0aO was test#4 as a mtmlfBt tm tto li|-4r©g©»ati©a of 
- Sg • 
smd fsmfi to fee t^ it© tatlsfaetajry,^  ^ &m mh&m 
la fig®% 4* 
gsgO-Ss# €$.'& m% ftsmtlmm as a oatalyst tm %hB feyiM-
g#aatloa of a#«fe^#a©a@ feseamse «f a ©r a%§ t# 
»talme {.s8|» fettt %04 ppsveatei thim refoatloa am 
tli€ oatalyst to fm-etiea satisfa©t©rilr» ®i# yate 
©f liy4rdgeaati®a of tms f0tm4 t# te« oalj about 
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